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ABSTRACT 
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teacher educators who desire to produce competent science teachers. 
Science taught as inquiry is the central theme, and the "processes of 
science" are recommended as the proper content for all courses. The 
guide is organized into these chapters; Science and Scientific 
Inquiry, An Overview of Science Taught As process. Recommended 
Science Program — Grades 7-12, Organizing a Science Program in your 
School, Recommendations Concerning the Preparation of Secondary 
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chapter on model lessons in which nine representative lessons taken 
from the recommended curriculum programs are presented. The 
recommended science programs include the curriculum projects 
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FOREWORD 







With the explosion of the discoveries in new areas of scientific know- 
ledge and the rapidity of progress in recent materials and innovative teach- 
ing methods employing diversified techniques, the State Science Committee 
felt an imperative need to publish a Science Guide 7-12. The success of the 
recent Oklahoma Science Guide K-6 provided the emphasis for the secondary 
guide to aid in coordinating the science program K-12. 

The Oklahoma Curriculum Improvement Commission under the auspices 
of the State Department of Education has been instrumental in encouraging 
the publication of these modern guides. The commission, the members of the 
steering and editing committee, and the hundreds of teachers who contributed 
and participated in the preparation of the guide are to he commended. 

It is hoped that teachers will find the guide useful in providing the 
kind of science program that will be most beneficial for the young people 
In Oklahoma* ’■ ‘V '•! . 




Scott Tuxhorn 

State Superintendent of 

Public Instruction 
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nxzcd as somewhat avant-garde, have sought to tell-illYkti?£ «°bj£2* ^like-itiTouldT^ 

courses.” Instead, ‘this iuS£uoL*h2 B ® been °pre^td a ^ ^7^*" science 
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lent for ah science courses. Only those courses usin./» > ""'i* k M ' * ** ® S the ®on- 
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jess worth as a person and, finally alceof thrnV convlnce d that they are of 

Educational excellence in science at all ivpl a disadvantages as a proper lot -in-life” ! 
.reach iollewing the realistic guidelines Jn this puhHoatSnf 011 "* ° felahomans » within 

State ofoMahomS et fhf Zmts loca ** on » throughout the 
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better smted to the needs of all ^StSdenS’ thln^ ^ national programs P are 

In summary thi^ guide proposed^a ,he ^ dll “” a] te *t oriented programs, 

are of fundamental importance P that the , it Pff oesse a of science'’, not its products 
produced l»y millions of the I ax na vers’ l«H,! * y r «P 0 « nl ? e 4 experimental programs 

perience this process. It should b e y noted thm m 6 ' presently ’ t,le best vehicle to ex- 
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CHAPTER I 



SCIENCE AND SCIENTIFIC INQUIRY 



BASIC PHILOSOPHY 
FOR A SECONDARY 
SCHOOL SCIENCE 
PROGRAM 

condary school science pro 
we expressed .... 



We, the Secondary Science Teachers of Gkla- 
horaa ? were asked to explain how we view 
science and scientific inquiry. Also, we were 
asked how those topics influence our teach- 
ing and how the topics should affect the sec- 
gram in Oklahoma, Here are the principal ideas 



. . , * the heart of all science is inquiry and inquiry is a process by which 
an individual explores the unknown, 

.... the principal purpose of education is to teach students to think, 

, , . , science, if taught by inquiry, is perhaps one of the best vehicles to 
use in leading students to develop the ability to think, 

. . . .teaching science through inquiry, then, not only leads the student 
to understand the structure of the discipline and develop scientific 
literacy but also leads him to achieve the central purpose of the 
school, 

. , , .students must be involved iii inquiry to develop an understanding 
of it. 

... .involvement means observing, performing experiments, collecting 
and interpreting data, and drawing conclusions. 

, , ,, emphasis must shift from using the laboratory as a place to verify 
on answer to an opportunity to find firstdiand information to de- 
termine an answer. 

....answers found by students in the laboratory must be accepted by 
the teacher for discussion. 

, .experiencing the processes by which learning takes place is at least 
as important a learning outcome to the individual as what he 
learns. "V. ; '* 

‘ , , , . the goal of teaching the student to think should govern the teacher’s 
choice of curriculum. 

... .the word, science, should suggest an activity or a “happening.” 

, , . , the modern science teacher is a ‘‘stage setter,” provider of materi- 
als, motivator, giver of clues and not the central figure in the class- 
room who professes to know all the answers and gives the con- 
: elusions- — V' ^ V- ; = : :’ -■ V’ - ; .' 

. . v the ^objectives ; bf science education must be consistent at the ele- 
niehtary. and junior and senior high school levels. 

* * ‘.student evaluation must move away from j ust giving formal pencil 
and paper tests, ; J • . -- 

w : ... .there is an obvious requirement for a continuous science program 

in grades K-12J ; u ' A ■' ; .v-v/. 

' The sectioris of this chapter which follow use the foregoing ideas to 
develop a philosophy bf science tisachi- for the secondary schools of Okla- 

homa. . • : "V /. . “ ~ ;,V; 
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2 The Improvement of Science Instruction in Oklahoma 

i 

TEACHING THE Science, man’s attempt to explain natural phe- 

STRUCTURE OF nomena, has a dual nature. It is, on the one 

SCIENCE hand, those explanations of natural phenom- 

ena (facts, laws, theories, etc., called the pro- 
ducts of science) , and on the other hand, it is the ways of thinking and skills 
used by scientists to produce the explanations. Science teaching which helps 
the learner grasp the structure of science must include both the product and 
process aspects of the subject, but it should focus on the processes by which 
the scientist “finds out 5 ’ about or ex pi ain his environment. For the heart or 
essence of all science is the search for understanding of natural phenomena 
using logical strategies of inquiry. 

In all science, regardless of the aspect of the environment being ex- 
plored, the scientist makes his oivn observations, asks his own questions, per- 
forms his oivn experiments and draws his own conclusions. This approach 
(rational inquiry) remains the basic significant characteristic of all science, 
not the body of facts or explanations obtained. However, it is through such 
an approach that the accumulation of knowledge (products of science) in 
each area of science is achieved . 



THE NATURE 
OF INQUIRY 



The term “inquiry 55 can be most 
defined as a search for information and un- 
derstanding. This, of course, implies that the 
person conducting the search has a general notion of the problem he is at- 
tempting to solve. There are many instances in the history of science, how- 
ever, where the scientist had no more than a general notion of what he was 
searching for and, as a result, all the data gathered were carefully evaluated 
before the specific problem being investigated was solved, or, in many cases, 
even defined. Pasteur, for example, began his scientific career as a chemist 
and, as the result of attempting to solve the problem of beer and wine fer- 
mentation, was launched on an inquiry which led to the development of a 
new field of bacteriology. The nature of the processes of inquiry demands 
that situations be analysed, investigations conducted, information evaluated, 
hypotheses: synthesized and Tested, generalizations formed and, ultimately, 
predictions made. Developing the ability to inquire demands that the learner 
(the investigator) have an active role in an investigation^ he will not de- 
velop his powers of inquiry if He assumes only a passive (or listening ) role. 



PURPOSES OF ft ^ r : 

SCIENCE EDUCATION 






The purposes of science education which we, 
;the junior arid senior high school teachers of 
'ft • ft \ Oklahoma, propose fall into two categories: 

1. : rThe . achieving of scientific literacy. : 

r ££ ^iTritellecfuaf developments 






In order to develop scientific literacy, science education must ultimately 
help the learner achieve a conceptual knowledge of his environment. In ad- 
dition, and equally iP important, science education must promote 

The values associ- 



r : r ; - r v the- spirit of rational - inquiry that is the spirit of science. T 
ate<i with the spirit of science are:T ! ^ ; 

• ■ 1 T j : J J ’ 







Science and Scientific Inquiry 3 

3. Search for data and their meaning. 

4. Demand for verification, 

5. Respect for logic. 

6. Consideration of premises. 

7. Consideration of consequences. 

One of our colleagues wrote, “Individual involvement is essential in the 
learning of scientific concepts.” One can readily see that individual involve- 
ment, (collecting, organizing, and interpreting information) is also essential 
to the development of the spirit of science and the ability to inquire rationally. 

Science, taught through inquiry, can contribute to the Intellectual de- 
velopment of the junior and senior high school student in two very important 
ways. First, it can provide the student with the opportunity to use his ra- 
tional powers, 2 (recalling, imagining, classifying, generalizing, comparing, 
evaluating, analyzing, synthesizing, deducing, and inferring), which are es- 
sential to logical thinking. It is only through use of the rational powers that 
they can develop and that a very important goal of education, the ability to 
use logical thought processes, can be accomplished. 

The second way in which science taught through Inquiry can contribute 
to the intellectual development of the junior and senior high school student 
is in the area of cognitive development as described by the Swiss psycho- 
logist, Jean Piaget. According to Piaget, most students entering the seventh 
grade will be in a state of transition between two stages of cognitive develop- 
ment labeled “concrete operational” and “formal operational.” 

The concrete operational learner can use simple logic in the collection, 
organization and interpretation of information. He, the concrete operational 
learner, has great difficulty in structuring information into abstract models, 
such as the atom, for the purpose of information storage or retrieval. He 
finds it practically (if not actually) impossible to reason from. one abstract 
model to another. He has great trouble, for example in relating atomic struc- 
ture to energy of reaction between atoms. This inability to deal with the hy- 
pothetical or highly abstract model places severe limitations on the junior 
high school learner not only in science but in other areas as well. 

Much of the 7-12 curriculum in all areas requires the student, if he is 
to learn satisfactorily, to be capable of reasoning with abstract or hypothe- 
tical ideas, i.e., to use formal logic or be formal operational. The formal 
operational stage of development does not occur spontaneously nor does it 
occur without effort. It must be nurtured! In order to nurture the ability of 
the learner to use formal logic which provides him with very powerful in- 
tellectual topi s that enable him to structure information for interpretation, 
for efficient retrieval , and to search for meaningful relationships among ab- 
stract ideas^. the learner must be provided certain kinds of experiences. These 
expeHences^rin general, fare those which allow the learner to collect infor- 
mation^ to -search; for : patterns or regularities in the information!, and to draw 
and test deductions or conclusions based on the regularities observed. 3 Sci- 
ence, properly taught through inquiry, is a natural vehicle to nurture the 
formal . operational state of development. Since the ability to use - formal 



2 Educational Policies Commission, The Central Purpose of Amerkati Education , j v 

^Washitigtoii* , . IXC« f • 1961, p.^S*’ _• 7* _ ■ ' ,-j^- : Jf-Vj - _ . 

3 Willard Jacobson and Allan Kondo, SCIS Elemontajjif Icieneo Sourcebook, {University 

of ..California, Berkeley, 1968) Chapter 5, : pp. • 34-39. ; v.'r- 
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4 The Improvement of Science Instruction in Oklahoma 

logic can continue to develop even into adult life, the junior and senior high 
school science programs must focus on this aspect of intellectual development 
in order to facilitate adult development, 

THE NEED FOR A Thpi development of the spirit of science and 

CONTINUOUS K-12 the modes of inquiry will be well underway 

PROGRAM by the time students enter the seventh grade 

if the inquiry-program outlined in the K-G 
guide have been implemented. Much that has been gained in the elementary 
science program will be lost if the student encounters a fact-centered program 
in junior high school where science is only ^talked about.’* It is, therefore, 
imperative that the junior high school program continue the development of 
both the spirit of science and the strategies of rational inquiry. If the ele- 
mentary program has not begun these developments, the junior high school 
must initiate them both for the purpose of developing these aspects of science 
and for continuity in intellectual development. 

Students entering the senior high school program, who have been in an 
inquiry science program in junior high school will foe in a position to inter- 
relate the abstract concepts of science within and across artificial discipline 
boundaries and truly grasp the structure of science within the framework of 
broad conceptual schemes, 

OBJECTIVES OF THE Secondary school science programs must re- 
SCIENCE EDUCATION fleet the objectives of education in general 

PROGRAM and the specific contributions that science 

education can make toward the accomplish- 
ment of those objectives. Therefore, the objectives of science education must 
be stated relative to educational goals rather than “pacific content goals. 

The objectives of the science program in grades 7-9 must include the 
following as guiding principles: 

1* To provide many opportunities to use and develop the rational 
powers, i.e., the ability to think, 

2. To allow the student to actively engage in the collection of infor- 
mation, the development of generalizations based on his organi- 
zation of the information, the formulation of deductions from these 
generalizations, and the testing of these deductions through actual 
experimentation. In so doing, the student will actuate and enhance 
. his ability to use hypothetical reasoning. 

8, To continue to develop and refine strategies of inquiry, 

4* To continue the development of scientific literacy and the spirit of 
rational inquiry (the spirit of science). 

^ The objectives of science; education in grades 10-12 must include those 
of grades 7-9. In addition, due to the broad general background of scientific 
knowledge gained in- previous science courses, and to the increased ability 
of the senior high school student to use hypothetical reasoning (assuming 
that it has been actuated in previous science programs) , the 10-12 student 
can ? ^ through rational \ihq^ the simple laws of nature into ab- 

stract comprehensive theories or conceptual schemes. 
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ROLE OF THE TEACHER In preparing this guide we did not intend to 
IN THE MODERN recognise any of our colleagues for the con- 

SCIENCE PROGRAM tributions they made, However 5 when reading 

what the Oklahoma science teachers believed 
their role in teaching is* we came upon the contribution made by Naomi 
Pederson of Tulsa Edison. She not only summarized this entire section with 
her statement but these statements reflected in detail the feelings of our col- 
leagues. Her statement follows i 

* 4 The teacher in a modern science program no longer dispenses 
knowledge, as a mother spoon-feeds her children, to be regurgitated 
later on tests,. He does not profess to know all the answers, but 
serves as a guide and consultant to his students helping them find 
answers through research and experimentation • - * Instead of teh 
ling how seeds grow, he provides seeds and lets the student discover 
from first hand observations , . - He encourages the student to in- 
quire and not to expect 4 pat' answers. ?? 

ROLE OF THE STUDENT The role of the student is that of an invest!- 
IN THE MODERN gator. As an investigator (or inquirer), he 

SCIENCE PROGRAM must be an active participant both mentally 

and physically. It is unlikely that any two 
students will investigate a particular problem in exactly the same manner. 
One student might choose to begin with exploratory experimentation, another 
might begin with a review of the literature, and another might choose to 
simply sit and ponder for a time. Our secondary school science programs 
must be flexible enough to allow for such individual differences in students, 

THE PLACE OF The laboratory is a place in which a science 

THE LABORATORY student (or scientist) observes, explores, col- 

lects information, and experiments to verify 
or reject hypotheses. The laboratory can be a room formally designated with 
that title, but it can also be the classroom, the home, or in many cases, the 
out-of-doors* 

Information which is collected in the laboratory should provide the 
basis for student-student and student-teacher discussions in the classroom* 
The generalizations made by the students from the information collected in 
the laboratory and the inferences or deductions drawn from those generali- 
zations should provide the guidelines for both classroom discussion and 
subsequent laboratory experiences. 







t 

r 

: 

ST-. 

*- 






ERJC 



(> The Improvement of Science Instruction in Oklahoma, 

CHAPTER II 

AN OVERVIEW OF SCIENCE TAUGHT AS PROCESS 



A LEARNING 
SITUATION 



In order to teach any curriculum or to apply 
any pedagogical method* one must understand 
the philosophy on which ■ it is based. The fob 
lowing science learning situation will exemplify some of the characteristics 
of the process approach to teaching and learning science* and the philosophy 
on which it is based. 

Teacher : u Can we discuss your insect collections which you have developed? 

I believe .you decided to collect only those insects which are mos'i 
commonly called bugs. Does anyone want to share any interesting 
features of their collection? 51 ' 

4£ A couple of ray insects are fierce looking. One has a horn grow- 
ing from its head. 55 

44 All of mine have a hard body covering, 5 * 

“Some of mine have different colors * 55 
“Two of mine look like they could bite * 55 
fi4 Wh y do you think that* Jill ? 55 

“The sides of their head around their mouths are jagged-looking. 
They can move these in and out* It would be just like pinching 
something . 55 

“One of mine is quite large and Is white with black spots * 55 
“I have several June bugs* but they aren’t the same color * 55 
“Can you group your insects ? 55 
The students proceed to group (classify) their insects according to some 
property or attribute which they select. The teacher moves from student to 
student, observing the various schemes and asking individual questions* 
Teacher: “Carl 3 on what basis did you group yours ? 55 

Carl : “I used antenna lengths with one group less than one centimeter, 

another group between one and one -half centimeter* and another 
group over one and one-half centimeters . 55 
“Jill, what characteristic did you use ? 55 

“I used body color* Look* I 5 ve discovered all June bugs doirt have 
the same body color . 55 : 

“I also have several June bugs and they aren ? t all the same size* 
Why aren ? t Ithey all : the same ? 55 

“Does everyune -Haye a June bug? Good, Check* are they all the 
same size?” J • -v- 

The teacher 5 m questi on -about size initiates considerable student-student 
interaction as they compare June bags. The interaction leads to the conclu- 
sion that not all are the same size*;//:/':. 

Teacher:: -^How large is the typical June bug ? 55 f : 

Carl: “Do you mean in weight^ lengthy 

Teacher “Let’s ’ decide- What dimensions do you want to include in de- 
v termining die June bug’s size?” . 



Jill: 

Mark: 
John : 
Jill: 

Teacher 

Jill: 



Carl: 

Jill: 

Teacher 



T eacher : 

Jill: 

Steve : 
Teacher : 
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Jill: “Shouldn’t we include all three; weight, length, and width ? 55 

Mark: £4 I believe all should be included/ 3 

Teacher: “All right, if everyone agrees, how much does the typical June bug 
weigh and how long and wide is it? How about determining these 
for the June bugs you have and recording them on the board/ 7 

Each student measures and weighs his own June bug and records the 
dimensions on the board. 

Teacher: i£ Now that these observations have been recorded, can you say 
what the size of the typical bug is? 35 
“Maybe we can if we average all the dimensions/ 3 
“We could rearrange the dimensions in either increasing or de- 
creasing order/ 5 

“Why couldn’t we make a histogram of the data?” 

After a discussion, the class dec, es that the histogram is the best 
method for ordering their data* Each student then constructs his 
own graph, 

u Now from your histograms, what is the size of the typical June 
bug?” 

“I think it is one and one-half centimeters long, three-fourths cen- 
timeters wide, and weighs fourteen grams,” 

“Does everyone agree with Jill’s observation? 55 
“I don’t* I think the typical June bug weighs 12 grains.” 

“Oh, yes, 1 made a mistake* It does weigh twelve grams* 55 

Illustrated here is a significant tactic employed by the teacher* Note 
that the teacher posed a question which Jill answered but apparently incor- 
rectly. The teacher did not reject her response. However, Jill was corrected 
by Carl. This particular move by the teacher is another attempt to remove 
the “authoritarian 55 characteristic common to the conventional teacher role* 
Inquiry teachers must not be looked upon as classroom authorities if inquiry 
learning is to be successful. 

Ultimately, the scientist Is confronted with the necessity for designing 
an operation which will permit him to attempt a logical solution to a prob- 
lem. This kind of operation has appropriately been called an experiment. 
Because experimentation Is fundamental to the success of the secondary 
science program, students must;; have experience in designing experiments. 
The typical “cook-book 55 laboratory approach will not suffice for this ex- 
perience* .//.7s // / V: 1 • 77. 77. 77‘ 77 77~ ; /- ■ -/.« 

- A ^continuation of the previous learning situation will i 1 lustrate the 
kind7ef exp wimentfttid(V ^ one; should expect in a process approaoh/v // : : • 

Jill: “Will heat or light make the June bug larvae grow faster?/ 5 

T eacher: :* 6 C lass, what do you think? Will heat or: light accelerate the 

growth _ rate of the Jarvae? 55 .. „ __ / ' ^ V- _ - 

“I don’t think light AvilU because the larvae are always under- •. 
ground. 59 ;7; is „ -7 77 7 ^ 1 / 7" ;• ~ 7 . 

“Heat might make them grow? faster since the ground is usually 
.warmer than the air, 55 - ^ ‘“v 7 V ~ 



Mark: 

Jill: 

Carl: 



T eacher : 
Jill : 

T eacher : 

Carl: 

Jill: 



Mark i 
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Teachers S *ls there some way you can determine whether heat or light will 
accelerate the growth rate? 55 

In the ensuing discussion, the class decides that this problem can be 
solved through experimentation* Each student is to collect some larvae and 
to design and conduct an experiment in an attempt to answer the question, 

A week later the teacher opens the discussion based on the student de- 
signed experiments. 

Teacher : ^Wliat did you determine? Will heat or light accelerate growth 
rate in the June bug larvae? 95 
Jill: “Yea.” 



Teacher : e Jill, will you tell us bow you determined this? 53 

Jill: C4 I placed all my larvae in a jar and placed them close to the hot 

water tank’s burner. Also, I suspended a light bulb over the jar. 
Each larvae was measured each day for the seven days. All larvae 
increased in size* 59 

Carl: “I don’t believe Jill’s experiment is very good. She doesn’t have 

a control." 

Teacher: “Carl, will you tell us how you designed your experiment?" 

Carl : *T placed some larvae in a jar, put a lid on it and placed it on 

my desk at home. In another jar which I painted black, larvae 
were placed and a lid was put on it. This jar was placed close to 
the burner on the hot water tank* Larvae were placed in another 
jar which was not painted. This jar was lighted at all times but 
not heated. Another jar with larvae wasn’t painted black but was 
placed close to the burner of the hot water tank," 

- “A record was kept of tin? daily growth. As the result of my 
experiment, I believe heat causes the larvae to grow faster; but 
light didn’t influence the growth rate, I used two controls to assure 
accuracy, 35 ‘ . 



of Carl’s is much superior to Jill’i 
ou too many uncontrolled variables. In contrast. 



any 
identified 



The experimental design 
Jill’s conclusion was based 

Carl designed into his experiment a control which was the jar placed on 
his desk left uri touched, ‘ The larvae in ; this : j ar represented the normal 

growth ^ rate, ^Likewise, ; Carl constructed the variable situations, : one at a 
time, which epuld possibly Influence the outcome of the experiment. Thus, 
well v designed experiment will have a ^control ahd ! variables will be 
and isolated for^ comparative study* ; ' V ; i -y, . v:\ 

r The reader will recognize the absence of the major emphasis on factual 
conteilt m die learning situation. The attainment . of factual content is only 
superficial r and it is usually soon forgotten whereas the process .approach 
emphasizes: the development of attitudes > ^ arid operations .wHich^V 
learner^ to function ; in nny intellectual environment. Facts learned in. this 
situation will ? have a Letter retention period and contribute to an overall 
conceptual pattern . : - . .-V-vV U . ; O ;.••• ‘ . 

Reflection nn the previous activities ^ will illustrates the Linrtipning / of 
the following processes; r ^ 

Observation - 1 -— One shoulcl, n<>te the Observations offered by the students 
were unrestricted in that ally by the teacher, ;E^ ; ^tud^ 
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stated simply what he had seen or understood relative to the insects collected. 
It is not necessary that a series of observations be related* Observation is a 
means to gather data. 

Inference — - Jill based her belief that two of Her insects could bite on her 
observation of the mouth parts of these insects- This was an inference. In- 
ferences are made through logical reasoning based on observations or ex- 
periences. 

— - Each student had collected a number of insects* However. 



until a collection is ordered* it is of little value to the collector. It is signi- 
ficant that the teacher gave no predetermined basis for the student classi- 
fications^ Classified^ observations are ordered observations. 

Data Interpretation Data can be logically in ter p ret a t c cl only after they 

have been ordered. In the preceding activity* the data were meaningless until 
the students ordered them in a histogram. Only then could the data yield the 
dimensions of the typical June bug. 

Conceptual Invention — ? Inquiry-centered science teaching differs from the 
conventional approach in the manner by which a student is confronted with 
a new concept. In inquiry learning* the student is Involved in activities de- 
signed to provide experiences normal to the development of a specific 
science concept. Of course* these activities are based on science processes. 
It is only after these initial activities have provided a. structural comp re- 
hension for the conceptual relationships that the concept is Isolated and 
identified by the teacher; in essence* this is the conceptual invention; an 
illustration will be helpful. Suppose a student has had many experiences 
relating to the concept of photosynthesis. However* all these combined ex- 
periences will never allow the student to say* cc A]i* this is photosynthesis. 75 
The teacher has to do this. This is the actual invention of the concept which 
was developed through a series of experiences. 

Contrasted to this is the conventional approach where the concept is 
first defined and then* maybe* an activity is provided in support of this de- 
finition in an attempt to develop comprehension. The difference is quite dis- 
tinguishable as illustrated by the following: 

Inqiiiry Learning F or mat ~ °>* Comprehension Activity . > Con- 
ceptual Invention, /-V •: \- V ‘ 

Conventional Learning Format ea — Concept Definition — — Sup* 

Jportiyef 'Actiyity^':^ /:*£.- ' 

One 'jriumt understand .the philosophical basis of the tactics employed 
vhy the teacher in this learning situation if the true meaning of a “proems” is 
to be understood/; r /‘c///?V// /'/. • n ,/ 

:i "Basic to ; the process philosophy is the manner in which concepts are 
;, ';deyelqped; The broad concept of taxphpmy origi nally was devel oped through 
the^yarious ways in which the studOritS grouped their insects^ -CCertaih 
classifications chosen by the students were not the same as - those ah ento- 
mologist would choose in grouping the insects. The teacher* stressing in- 
quiry* recognized the significance . in making (the - concept of taxonomy appli- 
cable to all situations* even though^irisects were selected to develop tihe con- 
cept. /■% ' . - ; *7' ’« * / * '** " ‘-V — ' ■ . ' ZZ* - '** ' ‘ . 
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The teacher permitted the students to develop the direction of the class 
proceedings. In essence, the student activities were student designed with key 
moves by the teacher. These key moves consisted of questions and designs 
which sustained the emphasis on process and still kept the integrity of 
science within the framework of the activity. 

A question often asked is, “How are inquiry situations developed in the 
classroom? ” The following discussion will provide assistance in answering 
that question. 

HOW DOES A TEACHER EMPLOY INQUIRY 
TEACHING METHODS IN THE CLASSROOM? 



There are two roles in any classroom the teacher and the learner. 

In an inquiry-centered classroom each of these roles must have an active 
participant because the actions of one will be greatly influenced by the 
actions of the other. In the discussion which follows the assumption is made 
that learners are free to investigate, 

Inquiry-Centered Teaching and Learning Responsibilities 
TEACHER LEARNER 

1. If the learners do not have a 1. The learner does the investi- 

topic to investigate, the first re- gation; in other words he de- 

sponsibility of the teacher is signs the procedures necessary 

to provide a topic to investigate. for the investigation and col- 

lects information. 



2, The teacher asks the learners 2 

for the information collected 





from the investigation. 



This teacher responsibility can- 3 

not be stressed too strongly: 
the teacher accepts the findings 
tuhich the learner describes* In 
addition, the teacher urges the 
learner to search . for; a pattern 
in the inf orma tibiv • ^collected i : 

Usually the learners will need 
to be asked questions : to keep 
going. The Teacher 
may need to provide blues, 

The teacher next questions a- A. 

bout the relationship of the pat- 
tern - found to the topic being 
investigated. Is the pattern re- 
levant to the topic or. has some 
ihewsidea been- uncovered ? Per- - - - 

haps the teacher will need to 



The young Investigators de- 
scribe what has been found. 



The learner searches the in- 
formation for some type of a 
pattern and, usually under the 
guidance of the teacher, finds 
a pattern. Do not expect all the 
learners to find the same pat- 
terns ; if several Interpretations 
of the information are made, 
and if these interpretations are 
^yalid.^the inquiry process is 
being especially productive. 

; The ibarnbr,:is now led to ge- 
: heralize from the irifbrpretation 
■} v he i has:, made ;; qf the 'collected 
information. He is now in the 
position ? to form a new concept 
for. himself or the teacher can 
now -invent the concept; that 
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invent 1 an new concept, invention , however, must be 

based upon the information 
collected. 



5. Questions can now be raised 5 

about the relationship of the 
new concept just formed to con- 
cepts which were based upon 
previous investigations. The in- 
quiry-centered teacher will raise 
the questions and allow the 
learners to discover such rela- 
tionships by exchanging ideas, 
not by telling them what^ that 
relationship (if any) is. These 
questions should always be 
asked and not only when a re- 
lationship exists. 



6, For a teacher who truly believes 6. The learners now must defend 

in inquiry and who also be- not only the concept which has 

lieves that any new idea must been developed but also their 

be subjected to the arena of procedures and thinking pro- 
disproofs this phase of inquiry cesses which were used in ar- 
tcaching is the most stimula- riving at the concept. They are 

ting and pedagogically worth- having to apply the inquiry 

while. The teacher raises ques- process to the results of an in- 

tions about value, moaning quiry process. As understanding 

and/or validity of the concept of an idea deepens through in- 

which has bean developed. The quiry, one is truly learning how 

teacher must keep firmly in to learn as he clinically inspects 

mind that he must accept the and evaluates the results of his 

pro and con student arguments own thinking. The learners are 

relative to the concept’s value, now in the position of suggest- 

meaning and/or validity, in g other investigations which " 

v * -• • .■ ■ will either confirm or deny the 

exactness of Lhe concept. If they 
are in need of assistance, the 
'} . { .[ ^ teacher has one additional re- 

V/ sponsibility. ; ~ ' 



7- The / may ; iieed to sug- 

gest additional/ investigations 
to test the concept’s validity. 3 

; t For a complete discussion of concept invention, see J. Myron Atkin and Robert Karptus, 
; ryDiscovery or Invention ? ” : Th#: Science; Teacher, September, 1962,- pi 51. 

2 Renners John W, * ‘'Ubiag lnquiry ill the^ Science Classroom," Educators Guide to 
Progress Seiryfce, Randolph, ; W i H con sin'/ >1969 „ p, XX=XXIL ; ■ -I -i . 








The learners are now, by using 
the process of inquiry, accom- 
plishing something that every 
teacher wants his students to 
accomplish, i.e. t they are broad- 
ening their understanding of a 
scientific principle. This broad- 
ened understanding, however, is 
possible because the learners 
have been involved in devel- 
oping the information which 
led to the invention of the con- 
cept, They are not tc broaden« 
ing” thair understanding by 
simply being told that this new 
concept applies in many dif- 
ferent situations. 
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MATHEMATICS? Just as the hammer is a basic tool for the 

ESSENTIAL TO A carpenter, mathematics is a necessary and vi- 

SCIENCE PROGRAM tal tool used by the scientist* One would not 

expect the carpenter^ work to progress far 
without the aid of the hammer. Likewise, scientific activity would be severly 
restricted without the aid of mathematics. At best, scientific observations 
qould only he of a qualitative nature. The utilization of mathematics permits 
the investigator to quantitate his observations. 

The secondary science curriculum must reflect this mathematical cm - 
phasis if the course structure is to parallel the work of the scientist. Far too 
often, the secondary science program suffers when mathematics is omitted. 
This has resulted in descriptive science courses. There is no reason why the 
artificial boundaries can’t be removed so that secondary science and sec- 
ondary mathematics can be fused by the learner. A science program can only 
be valid in its processes if it is supported by an adequate usage of mathe- 
matics. 

RELATIONSHIP OF THE An inquiry-oriented science curriculum is 
SCIENTIFIC PROCESS TO based on the development of the processes of 
SCIENTIFIC PRODUCTS science. The processes are those things which 

the scientist does in attempting to solve prob- 
lems and these successes lead to the development of our understanding of 
natural phenomena. 

In contrast, a science curriculum emphasizing the scientific product is 
concerned only with attaining the knowledge which is known about natural 
phenomena* At the secondary level, this emphasis has resulted in curricula 
being centered in knowledge-filled textbooks, sometimes accompanied by a 
laboratory consisting of “cook-book 55 attempts at process. These types of cur- 
ricula should not actually be referred to as “science” since the pedagogical 
method employed with it is basically reading. There is no actual involve- 
ment of the learner in the kind of activity which the scientist experienced in 
developing the knowledge of science. These traditional approaches must 
change if the spirit of science is to be captured in the teaching and learning 
of this discipline. 

The products of science can be used in the process-centered approach. 
Products or simple factual content of science will serve as the vehicle for 
developing the process. In this manner, the products become the means to 
the development of science processes. 

EVALUATION iTN THE /. One of, the most ; frequent questions asked ; by 
PROCESS APHROACH i i r educators ^relative to the process ; approach is 

f ; H: : ; :> how evaluation is achieved* Since the process 

philosophy differs from that of conventional teachings it is logical that 
evaluation iritist also differ. There is no simple solution to the problem of 
eyaluatidh^ in: jh«§ ^^prdcesS; approach* As ydu thm in science, you 

also need to consider how you will evaluate progress toward them. There - 
are several current fresh ideas i‘. on evaluation ; Dr. John W, Renner, in an 
article, describes a broadly useful plan for evaluating the changes that occur 
in sLudent’s -behavior as they engage iin the activities of science. 
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EVALUATION WITHOUT TESTS: 3 
Planning Ways to Evaluate Progress 

The Nineteenth-Century German chemist Justus von Liebig de- 
scribed the beginning of a new field of science as “* - . nothing 
more than a series of observations and experiments which had no 
obvious connection with one another.” 

Professor von Liebig was also describing how science expands, 
progresses, and forces man to use and develop his intellectual ca- 
Inabilities. He was clearly stating that two of the activities which 
comprise science are observing and experimenting* In addition to 
these, measurement* data interpretation* and prediction are also part 
of the fabric of science# 

These five basic activities of science are all behavior oriented# 

If, then, a learner is provided experience© with these five activities 
and is evaluated in terms of how well he functions with them, 
teachers will have clearly demonstrated that their primary objective 
in teaching science is changing the learner’s behavior. Behavioral 
change is a primary purpose of all educational experience# 

Let’s Agree 

How does one evaluate how well a student has learned to ob- 
serve, measure, experiment, interpret, and predict? Before answer- 
ing that question, there are three points about teaching, learning, 
and evaluating which must be agreed upon# They are: 

1# Teaching is not telling* Exclusive use of the lecture repre- 
sents ineffective teaching. 

2, Memorization is not learning* Asking students to memorize 
material is probably not developing their ability to learn# 

3. Being able to repeat is not evidence of understanding* Re- 
call test items probably measure very little behavioral change. 

- : T Since “telfem-show J em-a8k ? em” procedures do not make use 
of the five basic aotiyities^ of science in teaching, such procedures 
will not allow you- to determine if the activities have changed the 
learner’s behavior# Therefore, what follows assumes that science 
is taught as investigation, not as fact-accumulative process# 

j £•, ^J'Now ■ let’s look briefly at the sfive activities mentioned above 
f -- to see the general approach to evaluation# S* ; 7 

= Whatisobservation? It can be defined as looking at an event 3 

pbj eet, or situation and being able to describe and understand what 
: ;is se^# In; studying^ seiehce^tha opportunity to develop this ability 

is? provided in many ways#- An adequate statement ; of the problem 
: being investigated reflects that observations on prior experiments 

'.V.V : ;-^.^^-^:;.-ReJinerVvjoKn-;; 1 Wiy^*.Evaluafioti^- r .WftHout - -,Test* ,, # .-. • ‘.v; r y 

3 SciGnc^/Juniop High Sclsool Edition, AdvanCe PIanning Issue, 1968-1969 
Croft ^Educational Scry ices, , Lohdon» .Connecticut#; - -yfy y W ;; A/s 








:| 



14* The Improvement of Science Instruction in Oklahoma 

or on the work of others have been carefully made. Recording the 
results of an experiment (and not what the learner thought the re- 
sults should be) is evidence of careful observation. Direct experi- 
ences in observing must be provided the learner, but the teacher 
must evaluate indirectly if the student has learned how to observe. 

The same situation exists with the other four basic activities, 

s What is being evaluated in experimentation is whether or not 
a learner is willing to put together all the information he hae and 
take a step into the unknown. How do you evaluate this type of 
behavioral change? A paper and pencil test, essay or objective, will 
not do it because there the learner need only talk about experi- 
mentation | he need not demonstrate his willingness to behave in 
a specific manner. What the learner does when meeting an experi- 
ment determines if the experiences provided have changed his be- 
havior. 



Specific Criteria 

The following five questions can be used as criteria to de- 
termine if the five activities of science have changed student be- 
havior, 

1 . Does the student state the problem being investigated clear* 
ly enough to enable him to devise ah experiment for it? 

If the student can imagine, design, and conduct an experiment 
from his statement of the problem, he has made careful obser- 
vations and in ter p i eta Lions of other experiments or information 
from other sources. 





2. Does the student record all the data from the investigation 
and not just what he thinks the data should be? 

If you can say yes to this question, you can be sure that the 
student is; learning to observe and measure, and that these activities 
are’:: affecting' his behavior. : y; : ; -V.. 

■- 3. In interpreting his data, does the student state only those 
inter pretdtio n s which ;; the data will support? : 



: Applying ^ this questiom honestly, ^objectively, and regularly will 

give ypn-informationvabout how the interpretation experiences you 

.. ; are providing . are changing behavior. Not infrequently, what a 

''' * ’ * ' ‘ ' 



iclent interprets from an experiment depends on what he believes 
the teacher will accept. 



A*.: W ere the conclusions the student dr ezv based upon actual 
findings and not upon J his preconceived notion of iv hat should be 



Here, of course, you are evaluating. how observation, measurement. 








I 

i 

I 



\ 

? 

{ 

i 

.,1 



I 

j 

I 

I 

i 




15 



A Overview of Science Taught as Process 

In addition to being evidence of a true behavior change, an 
affirmative answer here is evidence that the learner has internalized 
the meaning of prediction. He has evidenced faith in his findings 
by being willing to base future actions upon them. 

Practical Suggestions 

How do you use the foregoing criteria? How much of a stu- 
dent 9 s grade should be based on them? These questions deserve 
practical answers. 

You need to keep records, so prepare a sheet (use the ditto 
machine) for each student which lists the five questions, and put 
the sheets together in a looseleaf notebook. Record evidences on 
each student as they occur. Some weeks you may have several items 
to enter, other weeks nothing will appear. Remember you are look- 
ing for evidences of true behavioral change or lack of it* 

Is this procedure subjective? Certainly* So are other evalu- 
ation procedures. Any pencil-and-paper test is based on the teach- 
er’s subjective opinion on which questions to ask* In this new sit- 
uation you must rely on 3'our day-by-day experiences with students 
for information on which to make judgments. 

Does this procedure require additional work? Probably. But 
keeping the records suggested is simply keeping an expanded grade- 
book, When the time to prepare the final grades arrives, the in- 
formation you have on each student will make the effort worth- 
while.* 

How much weight should your records on behavioral progress 
have in computing the students final grade? Ideally, this infor- 
mation should determine that grade* However, in most communities, 

the public, is not ready for such a move parents expect schools 

to use fact- centered examinations and teachers to use numbers (not 
logic) in determining final grades. 

You will note that the five evaluative criteria suggested must 
be applied during investigations. Since the laboratory is normally 
an integral part of science, fifty per cent of the final grade coming 
from the five criteria seems reasonable. Be sura to inform the stu- 
dents of the criteria you are going to use in determining this si S- 
nificant portion of their grades. .7 , ; 

' - V ■ y - ; « In S uinmary 

The evaluation of student progress in science can be done in 
many ways besides p aper- and-penci f tests* To utilize other methods 
of evaluation, the teacher must be sure of his purpose at the be- 
ginning of the year and select that content and those teaching pro- 
cedures which .^wilh.allpw ; the learners to work toward the achieve- 
ment of those purposes^ Tlie five basic activities of science have 
been suggested ai constituting behavioral objectives that can be 
used as the basis for student evaluation. 
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As you teach toward changing student behavior through the 
activities of science, you will need to examine your teaching ap- 
proach* 

The following questions are referred to as checkpoints by the author 

Do you listen to students ? 

Listen to what students have to say about an investigation or 
problem and utilize their contributions in carrying forward the 
classroom activities. This does more than establish rapport | it tells 
the students that they, as well as you, have a responsibility in 
carrying out the learning activities, A -teacher who listens tells the 
learners that what they have to say is a valuable part of the in- 
vestigation being conducted* Be cl good listener* 

Do you accept the results which the students get in an in- 
vestigation P 

Too many times teachers will accept only experimental results 
that constitute the “right 5 * answers. When a learner has honestly 
done an experiment, you have the responsibility to accept his re- 
sults. 

What do you do if the results are unacceptable to science? 
Suggest other investigations which represent different ways of 
solving the same problem. The second investigation will probably 
produce results contradictory to the first* Now the student must 
decide which set of results to accept, and he will see that one of 
the investigations (perhaps both) must he done again. If you re- 
ject his first set of results, he will put his future investigative 
efforts into guessing what results you will accept* Be an acceptor . 

Do you ask questions which focus the students attention on 
specific points in the investigation? 

Ask many questions to find out what the students are thinking; 
few of the “ean-you-guess-what-Lm^thinking ’ 9 type* When the 
learner gives you an honest reply, accept it; and if that response is 
one which could lead him astray, aslc him another question which 
will demand and /or allow him to refocus his attention* Ask ques- 
tions* 

Are you a guide for students during an investigation ? 

Ask questions, provide cues to those frustrated and/or on 
dead center, recommend other investigations to perform, suggest 
alternate ways of thinking about a problem, challenge results, and 
provide materials needed: Be a guide P but do not lead by the hand- 

For a yearns work* are you more concerned zvith the type and 
quality of investigations than with the number completed r 

The “we=mustTinish-the-book * 9 attitude has no place in a class- 
room which is concerned with changing student behavior through 
utilizing the five basic experiences of science (sic; observation, 
experimentation, measurements, data interpretation, and prediction. 
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CHAPTER III 

RECOMMENDED SCIENCE PROGRAM GRADES 7-12 

“Science is a basic and important aspect of man s intellectual endeavor. 
It is also the basis underlying our technology as well as our increasingly 
frequent biological manipulations, Education in science cannot, theriore, toe 
apart from the social and cultural turbulences which seem certain to toe the 
characteristics of the next few decades. Accomodations with these forces and 
the continuing self-development of science programs will demand new de- 
signs for progress in science education.” 1 

We the science teachers of Oklahoma, have indicated our acceptance 
of the philosophy of inquiry in both the K-6 science curriculum guide and 
in the suggestions received for this guide. It would seem reasonable that any 
science program for grades 7-12 would seek to make use of the experience 
skills, and knowledge gained by the students in grades K-6. Ihe purpose ot 
the grades 7-12 science program should then be to continue the development 
and refinement of the rational powers and the continued development ot 
scientific literacy. 

During the period of elementary school learning, the student has de- 
veloped the concept of the “verb” nature of science inquiry. He should have 
been exposed thoroughly to the interrelatedness of all branches of science. 
Secondary school is not « place to destroy this concept concerning the com- 
mon elements by reverting to our contrived system of compartmentahzation 
of subject matter. Scientific inquiry is the heart of biology, chemistry and 
physics in the same way that matter and energy are the underlying theme 
of all three. 

Although schools will offer courses in biology, chemistry and physics, 
we, the teachers, see our role as something more than describing these 
branches of science to the student. We will constantly strive to accomplish 
these two goals: 

1* To cause the student to experience science as a practitioner 
of the discipline. 

2, To constantly stress the common threads (concepts) which 
link all science. 



THE NATURE 
OF THE LEARNER 



The learner entering grade seven is probably 
between eleven and one-half and thirteen 
years old. This age range is significant in 
that it represents a period of transition from one stage of intelletual develop- 
ment to another. Piaget indicates that during this time the learner is pro- 
gressing from what he calls the concrete operational stage of intellectual 
development to that which he calls the formal operational stage,- 

The concrete operational stage of development is 5 as the name implies, 
characterized by the child s* tendency to reason in the realm of the concrete. 
His thoughts are, to a very large degree, controlled by his actual experiences 
with the physical objects in his environment. 



1 National Science Teachc;iH Association, 
Washington, D. C., 1969, Introduction, p* XI 



2 Phillips* John L. The Origins of Intellect 

Company, San Franciico, 1969 >, 



Designs For Progress lit Scienca Edueatien, 
Piagets Theory, (W, H- Freeman and 
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The formal operational child, on the other hand, is developing the 
ability to deal in thoughts and concepts that are in the realm of the abstract. 
He is not totally limited by his experiences and environment but can create a 
mental world of ideas to complement his environmental world of phenomena. 

These stages can probably be best understood by sharing an example 
from a hook by Inhelder and Piaget* 3 The experiment makes use of a bil- 
liard table type device. (See illustration) Balls are propelled from a spring 
loaded tubular “gun 3f that can be pivoted around a fixed point. The ball re- 
bounds from a wall into the interior of tbe table where a movable target is 
located. Subjects are asked to try to hit the target with the ball and after- 
wards asked to report their observations* 




The child to about age six has a distorted concept of the trajectory of 
the ball, ‘Tie succeeds occasionally but describes tbe trajectories with his 
finger only in the form of curves not touching the walls of the apparatus; 
he considers only the goal as if there were no rebounds,” 4 

As older subjects are used they will begin to see the trajectory of the 
ball as two straight lines with a rebound joining them but are still, even at 
age 9-12, unable to develop the concept of equal angles. “Thus we see that 
the subjects succeed in isolating all the elements needed to discover the law 
of the equality of the angles of incidence and reflection, and yet they can 
neither construct the law a fortiori nor formulate it verbally. They proceed 
with simple concrete operations of serial ordering and correspondences be- 
tween the inclinations of two trajectory segments (before and after the re- 
bound), but they do not look for the reasons for the relationships they have 
discovered- And they do not consider the segments except from the standpoint 
of the directions taken; thus the idea of dividing the total angle made up of 
the two segments into two equal angles (incidence and reflection) fails to 
occur to them.” 5 " >■! V 



} Inhelder, Barbel and Piaget, Jean. The Growth of Logical Thinking- from Childhood 
to Adoleseenra, Basic Bosks, Inc,, Publisheri, 1958. 

4 ZbId M pp. 5=6. 

‘ - i ibid./p* b w 
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An older child, in the formal operational stage, can take the observed 
paths and from these observations formulate the law of reflection even taking 
into consideration imperfections in the hall or reflecting surface. The learner 
at this stage of development can take the observations and transform them 
into a satisfactory mental generalisation. 

As has been seated earlier, in this guide, the transition from concrete to 
formal operations is not spontaneous* It is caused and must he nurtitred . 
Certain experiences may even cause acceleration of this transition „ 

Since some evidence 0 has been gathered, in Oklahoma, to indicate that 
the development of formal operations may occur somewhat later than age 
13, we, the science teachers of Oklahoma strongly recommend that during 
grades 7^9, the child receive inquiry experiences which will aid in his transi- 
tion from concrete to formal operations. We also recominandj since many 
learners in grades 10-12 are formal operational, that these students receive 
those inquiry experiences which will refine their rational powers and further 
develop their ability to deal with Ideas in the abstract framework* 

Since science, as much as any body of subject matter, provides such 
a vast reservoir of materials with which -to develop the rational powers ice 
further recommend that every child in the public schools of Oklahoma ex- 
perience programs of inquiry in science in each of the grades 7 through 12* 

RECOMMENDED The recommended science curricula for the 

SCIENCE CURRICULUM secondary schools of Oklahoma are given in 

figure 1* It should be noted that the programs 
listed represent, what we feel, are good examples of inquiry science. Other 
gbod programs are available and should be considered within the scope of 
these recommendations* 

The programs recommended for Example 1 and Example II, represent 
the programs which will apply to the majority of students. Example I re- 
presents programs with an annual division along subject matter lines while 
Example II represents an interdisciplinary or integrated program. The local 
school syMems choice of Example I or Example II would he determined by 
the background of the teachers available, the space and equipment provided, 
the total philosophy of the system and the needs and desires of the students. 

Example III programs represent inquiry science for that portion of the 
students who have had limited success and /or experiences in science. Verti- 
cal mobility is Indicated in the recommendations in that the Example I 
and /or Example II programs for grades 7-9 may become the Example III 
program for grades 10-12. 

No specific grade level recommendations have been made for the pro- 
grams at grades 1042, Wa feel that the grade at which these courses are 
offered will depend upon the mathematical level and degree of level of 
scientific literacy that each : student has. One group of students might ' be 
r^ady, for example, for chemistry at grade 10 while another group might 
riot benefit from chemistry until grade 12. These decisions can only be made 
locally. V:; ; :■ ; ‘7 : =7- • 

6 .tlnpiibiished research by Elizabeth University High: School* College of Edu- 
cation* University of Oklahoma. 




